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Abstract:  
Response to the call of the development of industry and agriculture of heat treatment technology, higher request is 
put forward. It has become the key technology that how can the temperature be controlled at good heating 
temperature. RBF neural network predictor optimized by the Adaptive fuzzy C - means clustering algorithm and 
BP neural network controller device are designed in the paper in order to overcome the traditional RBF network 
control problems. The output of the controller is better stabilized in a given value through the reasonable 
initialization of the three parameters of the RBF neural network predictor. Simulation shows that the fuzzy 
optimization network has better control effect to the original network control. It can not only save energy, but 
improve the efficiency of industrial and agricultural production. 
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1. Introduction
A higher demand is called for in the properties of the materials made of metal with the rapid
development of industrial and agricultural, thus heat treatment technology is developing towards 
high-quality, high efficiency, energy saving, pollution-free. Resistance furnace is commonly used as 
electric heating equipment in industrial and agricultural production, and it is widely used in metallurgy, 
machinery, building materials and other industries. While how to control the heating temperature better 
becomes a critical technology. Resistance furnace consumes electricity as a heat source; converts 
electrical energy to thermal energy through the heating element; and at the same time heats the metal in 
the furnace. The control object of this design is an electric furnace whose input is the voltage across 
both ends of resistance wire and the output is the temperature inside the electric furnace. Control 
program used in the paper is to control the voltage across the resistance wire by controlling the 
conduction angle of SCR, what is more, method of the controller is the fuzzy control optimizing of the 
three parameters of RBF neural network so as to predictive control the temperature effectively. 
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2. System Structure  
2.1. Temperature Control Hardware Circuit Component 
Resistance furnace control system consists of four parts what are the controlled object, process 
channel, control host and man-machine interface. The 8051 single-chip microcomputer is adopted by 
control host; Process channel is mainly composed by analogue input channel and analog output 
channel; Controlled object is Well-type resistance furnace. Process input channel mainly includes: 
sensors, multi-channel switch, amplifiers, A/D converters while analog output channel mainly includes: 
output latches, photoelectric isolating device, drive and actuators. 
Figure 1 Hardware Circuit of Temperature Control 
In this paper, Well resistance furnace which is applicable to stem, long axial parts of the heat 
treatment is the research object. The control principle is: detect the actual temperature of the furnace by 
thermocouple at first, then convert the actual temperature into voltage signal through the temperature 
transmitter, compare the detected temperature with the set signal after the collection by computer, the 
next, calculate the corresponding control quantity and output it according to the deviation signal. 
Control the voltage across the resistance wire after controlling the conduction angle of the SCR and 
then control the temperature of the object whose actual temperature changes toward a given 
temperature until it reaches a given temperature. Controller calculates the control output by BP network 
according to the set temperature and the temperature difference between the actual temperature and 
temperature alteration ratio. The output that changes the conduction angle of SCR will be delivered to 
the input of the regulator SCR. The greater the conduction angle is, the higher the AC voltage across 
the resistance furnace transported to will be. What is more, the input power of the resistance furnace 
will increase and the temperature rise. Otherwise, the conduction angle will decrease and so will the 
resistance furnace input power. When the temperature deviation is zero, SCR maintains a certain 
conduction angle. Meanwhile a certain power will be input into the resistance furnace to hold the 
temperature at a given temperature value. 
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Figure 2 shows the simplified control schematic: 
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Figure 2 Control Diagram 
Figure 2: NNI is the prediction mode of RBF which is optimized by fuzzy neural network; NNC is 
the BP neural network controller; Resistance furnace system is the object. 
1Z can get a sampling 
signal before the moment what is the k-1 moment; is the reference signal (temperature setting); 
 is the control quantity of the controller output.  is the actual output signal of the system 
(actual temperature);  is the difference between the reference signal and actual output signal and 
it is used to correct the weights of the controller;  is the output of the predictive model 
(predicted temperature); that is used to correct the value of prediction model is the difference 
between output of the system and actual output of predictive mode and it. 
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2.2. BP Neural Network Controller Design 
The control object of this design is an electric furnace whose input is the voltage across the 
resistance wire and the output is the temperature inside the electric furnace. BP network used in the 
controller consists of input layer, hidden layer and output layer. The input is composed by temperature 
reference signal , control quantity )(kyr )1( ku  and temperature deviation . Forecast output 
regulates weights of the BP network. Calculate membership functions on the second floor of 
the network and each language variables use Gaussian function. The learning rule of the net is to use 
the steepest descent method. Adjust the weights and thresholds continuously by back-propagation 
network to make the network error squares minimum. The output of the controller is . Complete 
the controlled object identification by use of fuzzy RBF neural network. Create online reference model, 
and provide the required variables for the net so as to control the furnace temperature effectively. 
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2.3 Fuzzy RBF Neural Network Predictor Design 
Traditional RBF neural network learning strategy can only find the optimal solution in the local 
space to determine the network parameters. If these parameters are not set properly, approximation 
precision declines or even divergence of network will be caused. Therefore, an adaptive c-means 
clustering algorithms for learning is used to make sure the center of the RBF neural network at the time 
of determining these parameters. The algorithm not only provides more reasonable initialization 
parameters for the clustering process but improves the convergence speed and the effect of the 
clustering.
The output of the RBF network such as type (1) shows: 
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Where: n is the number of hidden nodes; kZ (k = 1,2, ..., n) is the weights of hidden layer nodes 
and output layer nodes; k is the first k input vector; x I is the Gaussian function; k  (k = 1,2, ..., n) 
is the first k -center of basis functions; k
C
V determines the basis function width around a center point; 
ý k - kC ý represents the distance between k and .
Fuzzy RBF network structure is shown in Figure 3: 
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Figure 3 Fuzzy RBF Network Structure 
3. Fuzzy RBF neural network training steps: 
Figure 4 Fuzzy RBF neural network training flow chart 
4. Simulation 
The method in this paper is to control the current and voltage turn-on angle to control the furnace 
temperature, and the collected temperature, error, control quantity of such 3500 data (sampling time is 
1s)is collected from a foundry. Piecewise linearization method is introduced to the paper. Simulate and 
research the different heating sections through the model of . In the paper, a 
section (K = 15.6, T = 798, = 45) is simulated. The result is shown in Figure 4. 
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Figure 5 Simulation Curve of RBF Neural Network Predictive Control Optimized by Fuzzy Control 
In figure 5, the result shows that the RBF neural network predictive control optimized by fuzzy 
control not only can be faster on reaching the set value than ordinary RBF neural network predictive 
control, improve response rate, but enhance the response speed of the real-time operation. What is 
more, the output of improved network has less overshoots fluctuation smaller, convergence faster, than 
the original network. It also indicates that the stability of the system and dynamic performance are also 
got a certain improvement.  
5. Conclusions 
Fuzzy algorithm is used not only to optimize the RBF neural network prediction model but the 
control process. Through the two examples of simulation model, the result shows that RBF neural 
network optimized by fuzzy control has good precision and higher control quality in control effect, and 
proves the feasibility and effectiveness of the method. The new algorithm is simple and has certain 
universality and practicality. Meanwhile, this paper combines intelligent control together to form a 
complex control, which is closer to control requirements and saves energy to the industrial. It brings 
good benefits to both industrial and agricultural. 
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